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Promising nontraditional raw materials for aluminosilicate ceramics are considered: porcelain stones, in par¬ 
ticular, quartz-sericite porcelain stone, kaolin from the Zhuravlinyi Log deposit, and complex additives repre¬ 
sented by magnesium-bearing minerals (talc, marble, diopside, dolomite). 


The use of nontraditional components in the production 
of aluminosilicate ceramics (porcelain, faience, etc.) is be¬ 
coming increasingly topical. 

Traditional natural minerals commonly used as raw ma¬ 
terials are feldspars, clay, kaolin, quartz sand, and other mi¬ 
neral rocks. 

However, extensive research results and practice of 
ceramic factories show an increasing use of nontraditional 
raw components, including porcelain stone, kaolins from 
newly prospected and developed deposits, diopside-bearing 
rocks, etc. 

Porcelain stones belong to the class of promising nontra¬ 
ditional materials for ceramic production. Porcelain stones 
are regarded as products of hydrothermal-metasomatic trans¬ 
formation (kaolinization, ceritization, pyrophyllization, or 
chloritizing) of acid or, less frequently, medium effusive and 
subvolcanic rocks that have a fine-grained structure, a low 
content of pigment oxides, and a chemical-mineralogical 
composition making it possible to use them as the main com¬ 
ponent in ceramic mixtures intended for producing alumino¬ 
silicate ceramics. 

According to specifics of porcelain technology, four 
main mineral types of quartz-bearing porcelain stones are 
distinguished [1,2]: kaolin-quartz, muscovite-quartz, pyro- 
phyllite-quartz, and feldspar-quartz (or quartz-feldspar). 

The known varieties of porcelain stone as a rule exist in 
the form of associations of three or four rock-forming mine¬ 
rals. In determining the possibility of using porcelain stones 
of a certain mineral type in the production of aluminosilicate 
ceramics, their correspondence with the following require¬ 
ments is usually taken into account: a sufficiently low con- 
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tent of colorant oxides (Fe 2 0 3 + TiO,) below 1% (here and 
elsewhere mass content is indicated); for higher grades this 
content should be below 0.6% and a sufficiently high total 
content of alkali metal oxides (K,0 + Na,0). Based on the 
latter parameter, porcelain stones are subdivided into the fol¬ 
lowing three varieties: alkali-free (R,0 < 0.6%), normal al¬ 
kalinity (R 2 0 = 0.6 - 3.0%), and alkaline (R,0 > 3.0%). 

Based on the potassium modulus value, porcelain stones 
are classified as high-potassium (K 2 0 : Na,0 > 3.0), potas¬ 
sium-sodium (K.,0 : Na,0 = 3.0 - 1.0), and sodium 
(K 2 0 :Na 2 0< 1.0). 

In Russia there is only one industrially mined deposit of 
quartz-feldspar porcelain stones, namely, the Gusevskoe de¬ 
posit [2] in the Primorskii Region (the Far East). The rocks 
of this deposit are represented by hydrothermally modified 
rhyolites classified as the alkali type. The content of alkali 
metal oxides in these rocks is 6.78 - 9.08% with an insuffi¬ 
ciently high potassium modulus. 

Porcelain stones from other deposits located in the CIS 
have found limited application in the production of alumino¬ 
silicate ceramics. 

Considering the need for expanding sources for ceramic 
materials, porcelain stones of the Dzhany-Dzhol’skoe de¬ 
posit (Kirghizstan) located in the Uchkurt River valley are of 
interest. Porcelain stones of Kirghizstan are mineral rocks of 
white, gray, or pinkish color, highly textured, with detrital 
structural elements extended in one direction. 

The main mineral of porcelain stone from this deposit is 
represented by detrital grains without visually identifiable in¬ 
clusions. The refraction index is approximately 1.540. 
Microcline grains are found in an insignificant quantity and 
scales of mica-muscovite (sericite) are found in substantial 
quantities. 
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TABLE 1 


Sample 



Mass content, % 



quartz 

kaolinite 

sericite 

(musco¬ 

vite) 

anorthite 

albite 

other 

minerals 

TP-l 

67.00 

3.00 

22.00 

2.50 

5.00 

1.01 

TP-4 

68.00 

2.10 

21.00 

2.60 

4.90 

0.87 

TP-5 

65.91 

2.90 

25.90 

2.40 

4.02 

0.91 

TP-6 

65.87 

3.00 

25.00 

2.40 

4.10 

0.98 

KTP-1 

64.31 

0.50 

33.98 

- 

0.05 

0.92 

KTP-9 

65.73 

- 

30.93 

0.02 

0.72 

2.63 

KTV-1 

64.60 

0.52 

30.71 

0.65 

1.94 

1.56 

KTV-2 

64.87 

0.16 

29.55 

1.53 

1.86 

2.07 

KTPS-1 

66.07 

1.48 

27.32 

1.28 

2.91 

1.00 


The content of iron and titanium oxides ranges from 0.09 
to 1.90%, the content of alkali metal oxides is low (on the 
average about 3.6%) with a stable prevalence of potassium 
oxide over sodium oxide (K 2 0 : Na z O = 3.3 : 0.4). 

The mineral composition of samples of porcelain stone 
from the Dzhany-Dzhol’skoe deposit is shown in Table 1. 

The results of an integrated thermographic study of por¬ 
celain stone recorded two clear endothermic effects. The first 
one at 575°C of low intensity is accompanied by expansion 
of the sample and corresponds to the polymorphic transfor¬ 
mation of P-quartz into a-quartz; the second one at 1150°C 
is related to decomposition of muscovite (sericite). The 
weight loss due to moisture removal starts at a temperature 
of 80°C and proceeds continuously at a constant rate up to 
905°C, then the course of the curve of weight loss versus 
temperature becomes stabilized. Variations in the weight and 
size of the sample in heating reflect the process of dehydra¬ 
tion of mica and kaolinite that make part of porcelain stone 
in a particularly finely disperse spate. Both these minerals 
contain water in interlayer spaces of the crystalline lattice, 
and removal of water in heating is accompanied by an in¬ 
crease in the sample volume due to expansion of the inter¬ 
layer space. Thus, the behavior of porcelain stone belonging 
to quartz-muscovite rocks heated in the low-temperature 
range (up to 680°C) is mainly determined by fine-grained 
quartz present in a prevailing quantity, and in the higher-tem¬ 
perature range is determined by fine-grained muscovite and 
kaolinite. 

The chemicomineral composition of quartz-sericite por¬ 
celain stone determines its specific behavior in firing and dif¬ 
ferences in the physicomechanical properties of aluminosili¬ 
cate ceramics based on this stone from the properties of ce¬ 
ramics based on traditional materials. Analysis of the proper¬ 
ties and phase composition of porcelain stone samples fired 
at different temperatures indicated that sintering of this rock 
starts at a temperature of 1250°C. The apparent density of 
samples fired at 1320°C reaches a maximum value at zero 
water absorption. A further increase in firing temperatures is 
accompanied by a decrease in its apparent density, presum¬ 
ably due to the formation of sealed porosity. 


Analysis of the results of quantitative x-ray phase analy¬ 
sis indicates that mullite starts crystallizing in porcelain 
stone samples in firing up to 1200°C, and the quantity of 
mullite does not grow while the firing temperature increases 
to 141 CPC and remains equal to 9%. 

At the same time, dissolution of quartz grains is regis¬ 
tered in the temperature range of 1200- 1250°C, and the 
quantity of quartz decreases with increasing firing tempera¬ 
ture. The results of electron microscope analysis of porcelain 
stone samples fired in a temperature range of 1200 - 1400°C 
reveal there structural modifications depending on firing 
temperature. Thus, the structure of samples fired at a tempe¬ 
rature below 1200°C is heterogeneous. It is represented by 
quartz grain of size from 1.5-2.0 to 10 pm or more and nee¬ 
dle-shaped mullite crystals, whose sizes reach 1 pm. Large 
quartz crystals are not always clearly visible; they seem to be 
concealed by a vitreous phase, and round bubbles sized up to 
1 pm are visible in some of them. Possibly these are gase¬ 
ous-vitreous inclusions. Between quartz crystals one can see 
clearly defines sites (around 8 pm) filled with drops of an ir¬ 
regular shape that are apparently formed from the liquid 
phase, which at the next stage of the process serves as a basis 
for mullite crystallization from the muscovite melt. 

As the firing temperature of samples grows to 1250 and 
1280°C, no substantial changes in the sizes of quartz and 
mullite crystals are observed. However, the zone of quartz 
grain fusion perceptibly increases and at the same time the 
quantity and sizes of gaseous-vitreous inclusions decreases. 

The structure of samples fired at 1350°C and 1410°C 
have significant similarity. The main crystalline phases are 
quartz and mullite. The contours of quartz grains acquire a 
rounded shape, and their fusion zone grows to 4 pm. At the 
same time, growth of mullite crystals within the limits of 
muscovite pseudomorphoses is registered. The mullite crys¬ 
tals are short-prismatic, frequently of a rounded or nearly 
square shape. Twin crystals seemingly split in half are found 
as well. The size of mullite crystals is 0.5 - 1.0 pm. Some 
mullite crystals have round openings, whose diameter is 
around 0.1 pm. 

The quantity of quartz in samples of quartz-sericite por¬ 
celain stone fired at 1410°C due to dissolution decreases 
from 67 to 37%, the gaseous-vitreous inclusions disappear 
(within a temperature interval of 1250 - 1280°C), and fluid 
vitreous melt liquates into two liquids, one of which is the 
matrix and the other one forms drops in it. 

Sintering of the porcelain system starts at a temperature 
of 1150°C, i.e., from the moment registered as the start of 
shrinkage, and ends at 1320°C, which corresponds to zero 
water absorption, maximum apparent density, and relatively 
low linear shrinkage. 

In sintering of quartz-sericite porcelain stone there is in¬ 
tense crystallization of mullite and cristobalite, and quartz 
grains dissolve in the surrounding melt, which forms a vitre¬ 
ous phase in cooling. Mullite crystals observed along the 
borders of mineral grains, as a rule, have a needle-shaped 
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habitus, and mica (muscovite) grains have short-columnar 
habitus with no bridges registered along their axes. All the 
above processes occurring in thermal treatment of quartz- 
sericite porcelain stone were manifested in sintering of alu¬ 
minosilicate ceramics based on it. 

It can be expected that porcelain stones will be subse¬ 
quently used as one of the main components in the produc¬ 
tion of aluminosilcate ceramics. 

During the past decade kaolin from the Zhuravlinyi Log 
deposit (Chelyabinsk Region) was widely and successfully 
tested at several factories as the main plastic component in 
production of aluminosilicate ceramics. Data on its physico¬ 
chemical properties and the results of using this kaolin in ce¬ 
ramic mixtures for various purposes are described in detail in 
the scientific literature [3]. It should be noted that the use of 
this nontraditional plastic component not only eliminated the 
dependence of Russian ceramic manufacturers on kaolin 
supplies from Ukraine, in particular, kaolin from the Prosya- 
novskoe deposit, but also stimulated research intended to sta¬ 
bilize structural-mechanical properties of slips and improve 
the physicotechnical properties of ceramic materials. 

In implementing the results of this research it was ob¬ 
served, first, that in order to stabilize properties of ceramic 
suspensions, it is advisable to introduce kaolins from differ¬ 
ent deposits with different granulometric and mineral com¬ 
positions; second, stabilization and improvement of proper¬ 
ties of ceramic mixtures can be accomplished by mechanical 
activation of plastic components and by introduction of vari¬ 
ous additives. 

Note as well that extensive research carried out in the 
past decade has significantly expanded the concept of the ef¬ 
fect of nontraditional components, which can be regarded as 
a complex-effect additives, on structure and properties of ce¬ 
ramics [4-7]. 

Among the minerals most frequently reported as effec¬ 
tive ones are oxides of magnesium, calcium zinc, lithium, 
and other chemical elements. These additives have a positive 
effect on improving whiteness and mechanical strength of 
aluminum oxide ceramics and on lowering its firing tempera¬ 
ture. Moreover, the mineralizing effect of additives becomes 
more efficient if they are used as binary or ternary combina¬ 
tions. Consequently, natural magnesium-bearing minerals 
have been used as mineralizing additives, such as Onotskoe 


talc 3MgO • Si0 2 • FLO, Onotskoe magnetite MgC0 3 , Slyu- 
dyanskoe wollastonite CaO • Si0 2 , marble CaC0 3 , Slyu- 
dyanskoe diopside CaO • MgO • 2SiO z , Zaigraevskoe dolo¬ 
mite CaC0 3 ■ MgC0 3 , etc. 

The following factors are taken into account in selecting 
additives: 

- the content of the set of oxides that have a positive ef¬ 
fect on properties of aluminosilicate ceramics. 

- the possibility of introducing this set of oxides via re¬ 
latively inexpensive natural minerals that virtually do not 
contain colorant impurities; 

- the effect of oxides integrating the additive on melt 
properties in firing; 

- avoiding a negative effect on the properties of ceramic 
mixture in molding, etc. 

As a consequence of introduction of complex additives 
into ceramic mixtures, a significant improvement of proper¬ 
ties of aluminosilicate ceramics was accomplished and its 
competitiveness substantially increased. 

The above directions of upgrading aluminosilicate ce¬ 
ramic technology appear quite topical, since their implemen¬ 
tation significantly increases production efficiency. 
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